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INRODUCTION
Pneumonia in children plays a significant role in morbidity and mortality in the developing countries [1] . According to the estimation of the World Health Organization (WHO) nearly 156 million cases of pneumonia occurs every year in children of less than five years age and among this at least 20 million cases are serious enough requiring admittance to the hospital [2] . Of these total cases, developing countries account for 151 million cases and around 7 -13% are serious enough to endanger the life of a child without appropriate treatment.
Pneumonia is the largest single cause of death in children less than five years of age, and is responsible for nearly 1.4 million deaths every year (18% of the total deaths) [3, 4] . Each year approximately 91,000 children die in Pakistan from pneumonia which contributes to 19% of deaths under-five children of the country [5, 6] . Even though the prevalence of pneumonia amongst underfive children is high in the country, only about half of them with pneumonia in Pakistan get proper antibiotic whereas 31% receive no treatment for pneumonia due to various reasons [6] . The Pakistan Demographic and Health Survey (PDHS) report from showed children aged 6-23 months were more likely to have symptoms of ARI than children in the older age groups. Children in households where charcoal was used as a cooking fuel were more likely to have symptoms of ARI than children in households using wood or straw and those using liquid petroleum gas or natural gas. It shows the increased incidence of pneumonia with indoor pollution [5] .
Children with vitamin D deficiency and rickets are more likely to have pneumonia and respiratory tract infections [7] . On exposure of the human skin to UBV light from the sun, it synthesizes most of the vitamin D required in the body. Other sources are egg yolk, fatty fish such as tuna, sardinеs or сod liver oil [8, 9] . Daily recommended dose of Vit D is 400 IU in children. For the treatment of rickets its dose is 300,000 IU and 600,000 IU for children aged less than 1 year and more than one year respectively and for respiratory tract infection its dose is 100,000 IU [10] . Vitamin D has been shown to be effective in increasing the immunity and reducing the incidence of respiratory tract infections as shown by several studies [9, 11] . Therefore, this study is carried out to determine the effect of vitamin D supplementation on duration of hospitalization in children with pneumonia and on the recurrence of pneumonia within 90 days of discharge.
MATERIALS AND METHODS
Patients of age 2 to 60 months of both sexes admitted to the Department of Pediatric Medicine, Mayo Hospital, Lahore through its emergency/OPD from December 2014 to May 2015, and fulfilling the definition of Pneumonia were included in the study subjects. After getting the informed consent from the parent/guardian of the patients, the demographic data were obtained. Detailed history about the symptoms and the duration of disease were taken. General physical and systemic examination was carried out and relevant investigations were sent along with vitamin D level. All the children with normal vitamin D level (i.e. more than 20 nanogram per milliliter) were excluded from the study. Patients meeting following exclusion criteria were excluded from the study. The patients were randomly divided into two groups group A and group B. Both groups were treated with appropriate antibiotics for pneumonia. Group A patients in addition were given intramuscular vitamin D 100,000 units within the first 24 hours of admission whereas patients in group B did not receive vitamin D. The improvement of the child was monitored daily and he/she was discharged if there was no fast breathing and chest indrawing. The duration of stay at the hospital was recorded. All the information was collected on a specially designed proforma. The patients were followed up monthly for 3 months after discharge to assess for repeat episodes of pneumonia. The follow up was done mainly through telephone contact or at follow up clinic.
Exclusion criteria
Data were entered and analyzed through SPSS (Statistical Package for Social Science) version 20. Numerical data were entered as it is but the qualitative data (categorical data) were codified and then were entered in SPSS. Analysis was done using chi-square test for categorical variables and t-test for continuous variables. P-value was taken as less than 0.05 to be significant. The stratification of data was done on the basis of antibiotics received, i.e. the total sample was analyzed separately for outcomes of different antibiotics used. In this way the bias probably occurring due to different antibiotics was also checked.
RESULTS
The mean age of patient was 7.5 ± 10.6 months (Mean age of Interventional group was 8.1 ± 11.0 years and of placebo group was 6.9 ± 10.1 years). In both intervention and placebo group numbers of patients were equally distributed. Sixty one percent were male and 39% were female. table 1 show the clinical findings of the patients. Majority of patient had fast breathing (99%) whereas 43% patients had chest indrawing. Besides these two, cough topped the list with 94% children presenting with it.
Fever contributed to 85% of symptoms. Depending on gender distribution symptoms distribution was fairly equal (figure 1). Figure 2 shows auscultatory findings of the patients. Majority of the patients had crept (68.5%) as respiratory findings in both the sexes whereas bronchial breathing contributed least as a symptomatology. None had normal respiratory findings.
Nutritional status is shown in figure 3. More than one third patients had no malnutrition whereas a quarter had grade I malnutrition and nearly 40% had grade II malnutrition. There was no significant difference in nutritional status in terms of gender ( Figure  3 ). Table 1 depicts the illness duration before hospital visit and respiratory rate of the patients.
Both the intervention and non-intervention groups had received similar antibiotics. The use of antibiotics is shown in Figure 5 . 
Analytical statistics
Vitamin D supplementation/ non supplementation group versus Recurrence and time. Both the groups which were randomly allocated with and without intervention with vitamin D were followed at the end of 1 st , 2 nd and 3 rd month after discharge and efficacy of vitamin D on recurrence was studied. Table 2 and figure 6 illustrate details on efficacy of vitamin D on prevention of recurrence of pneumonia over 3 months duration after discharge. In first month follow up out of 200 children 22 had repeat episode of pneumonia and were labeled as recurrence. The group which got vitamin D supplementation had less recurrence (n=4) as compared to the group which got only conventional therapy (n=18). The relationship of recurrence of pneumonia with vitamin D supplementation was statistically significant at first month (p=0.002).
In second month follow up 12 children had recurrence among which vitamin D group (n=4) had less recurrence than the other group (n=8), but without statistical significance (p=0.23).
At the end of third month only 2 children had recurrence and both of them lying on nonvitamin D group. However, the association was not significant (p=0. 16) So the overall recurrence rate of pneumonia was less in group with vitamin D supplementation than the group without supplementation (Tabe 2 & figure 6 ).
Mean duration of hospital stay was 5.9 days. Some of the patients were even discharged immediately after 24 hours whereas some stayed for upto 15 days. The mean duration of stay for vitamin D group was 5.7 days whereas for non-vitamin group was 6.1 days clearly stating that vitamin D group had lesser days of admission (Table 3) . Although having numerical strength in favor of vitamin D group statistically the relationship between hospital stay and intervention was not significant (p=0.28).
DISCUSSION
Children with vitamin D deficiency and rickets are more likely to have pneumonia and respiratory tract infections [7] . On exposure of the human skin to Ultraviolet light from the sun, it synthesizes most of the vitamin D required in the body. Other sources are egg yolk, fatty fish such as tuna, sardines or сod liver oil [8] . The binding of vitamin D to its receptors results in increased intracellular formation of antimicrobial compounds, such as cathelicidins which serve a critical role in innate immunity against invasive bacterial infection [9] . Charan et al reported that vitamin D induces monocyte differentiation and inhibits lymphocyte proliferation thus increasing the immunity. It also increases the phagoсytic activity of macrophages [11] . In this meta-analysis of trials the incidence of respiratory tract infection was 21.7% in vitamin D group but 30.1% in the placebo group [11] .
The present study was conducted to see the efficacy of vitamin D in the prevention of respiratory tract infection especially pneumonia. Vitamin D has been related to have beneficial effects in many of the medical conditions like pneumonia, influenza, asthma, tuberculosis, autoimmune diseases, cardiovascular diseases and even malignancy [11] [12] [13] [14] . Many trials have been done to determine the beneficial effects of vitamin D in different countries other than Pakistan. Our trial was the first randomized trial done in Pakistan to determine the role of vitamin D in children with pneumonia.
In this study mean age of the children admitted with pneumonia was 7.5 months. Among the children admitted in hospital most of the patients presented with fast breathing, cough and fever. Majority of the patients had crepts on chest auscultation which was consistent with the diagnosis of pneumonia [15] [16] .
In the present study the antibiotics received by both the groups with vitamin D or without vitamin D intervention were almost same which have checked the bias that could have probably occurred due to different antibiotics. The result of this trial has shown that supplementation with vitamin D in children with pneumonia, in addition to the appropriate antimicrobials significantly decreases the new episodes of pneumonia over 3 month period. However, there was no statistical difference in the duration of hospitalization between both groups of children. From this we can conclude that vitamin D supplementation in a high dose may not immediately help in recovery from pneumonia, but it can definitely prevent further episodes of new pneumonia. The findings were comparable with other studies done which showed similar results [12, 17] .
The study by Manaseki-Holland et al showed that supplementing vitamin D in children with pneumonia reduces the repeat episodes of pneumonia within the next 90 days. The repeat episode risk was lesser in the group who received vitamin D in comparison to the group who did not (45% vs. 58%) [12] . A systematic review and meta-analysis by Charan et al showed that the events of respiratory tract infections are greatly reduced in those with vitamin D supplementation as compared to placebo [11] . One such study from Japan using vitamin D 1,200 IU/day had shown a significant decline of influenza among school children [18] . Similar to our study another Indian study by Choudhary and Gupta, used vitamin D for 5 days and compared with placebo in cases with pneumonia showed there is no effect in the time of recovery from the disease [19] . Another study from Afghanistan on the role of supplementing vitamin D in the incidence of childhood pneumonia and its severity, showed no additional beneficial effect of vitamin D when given to children with pneumonia [9] .
A systematic review done by Das et al discussed the ineffectiveness of vitamin D in pneumonia comparing two separate randomized trials [20] . One of the trial had used a single dose [12] whereas the other had used multiple doses with daily dosing schedule [19] . The reason for such result on supplementing vitamin D might be due to improper dose or the duration of use. It may indicate real therapeutic ineffectiveness of vitamin D in pneumonia. Regarding the dose it has been shown that daily dose schedule has a better therapeutic effect than a large bolus dose and there have been biological explanations to a smaller effect when using a bolus schedule of vitamin D [21] [22] [23] [24] .
As malnutrition is more prevalent in developing world, the malnourished children are at higher risk of deficiencies of other micronutrients such as calcium and vitamin A, both of which could modify effects of vitamin D supplementation [22] . As our study had more than 60% of children with some degree of malnutrition, results of this study may not be applicable to wellnourished population.
As our study has demonstrated that supplementing vitamin D has a protective effect in children with pneumonia, it is consistent with the suggested role of vitamin D on enhancing the immunity. There is increasing evidence that the biologically active metabolite of vitamin i.e. 1, 25-dihydroxy vitamin D (1, 25 (OH)2 D), has a crucial role to play in the innate immune system of human [24] . There is enhanced production of the 1-alpha-hydroxylase enzyme (CYP27B1) which is responsible for the local conversion of 25-hydroxyvitamin D to 1, 25 (OH)2 D [25] . This active form of vitamin D production further induces the expression of cathelicidin, thus enhancing the host's innate immunity against the microorganisms [25] . The activation of toll like receptors (TLRs) leads to accelerated release of antimicrobial proteins (AMPs) like cathelicidin by the innate immunity, which has a significant role to recognize the pathogens by human monocytes, macrophages and epithelial cells.
Prevention of the repeat episodes of pneumonia in children has possible benefit of improving the general health condition and reducing the overall burden of the disease. This study has important strengths. Firstly, It was a randomized control trial and the outcomes were measured by experienced pediatricians and IMCI clinical definitions were used along with radiological evidence for the diagnosis for pneumonia. These made this study more powerful when compared to other studies which used only the clinical or radiological criteria for pneumonia [11, 13, 26] .
CONCLUSION
This randomized control trial has proved that supplementing vitamin D in a dose of 100,000 IU supplementation can diminish the repeat episodes of pneumonia in children. As Pakistan has a high prevalence of vitamin D deficiency, supplementation of vitamin D in the future to children diagnosed as pneumonia can be recommended. Similarly, supplementation of vitamin D in children with pneumonia can be easily implemented in the developing countries with high prevalence of vitamin D deficiency. As pneumonia is the leading cause of mortality among children less than 5 years of age in developing countries, the prevention of disease can reduce the morbidity and mortality from the disease. Such supplementation may play an important role in reducing the major infection in children. However, this role is further needed to be proven by doing more trials in even larger and more diversified settings and the results after supplementing vitamin D need to be investigated to assess its role to improve the child health globally.
